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Outline

 [ntroduction and motivation

* Q1: How can we define flavoured jets in a sensible way?

A1: New flavours of jet flavour

 Q2: How well do we understand QCD final-states with heavy-flavours?

A2: Heavy-flavour jet substructure
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Quark flavours and QCD

light quarks

- strong interactions are flavour-blind: gluons
couple to quarks irrespectively of their mass

up
down o

strange

heavy quarks

) bottom
« however, the mass does influence

emergent phenomena:
« hadron-formation
* jet properties

(area/mass= constant)




Heavy quarks to probe the Higgs
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The proton mass

- about 1% of the proton mass comes from my
and mq

* the origin of the proton mass is the binding
energy of the strong interaction

« hadron mass spectra can be determined from
lattice QCD

* top quark decays before hadronsing but b and ¢ fragment into heavy-flavoured
hadrons, giving us a different handle to study hadron-formation



There’s charm in the proton!

» collision processes with heavy flavours can also be used to probe any intrinsic
component of the proton wave function;

« NNPDF collaboration has shown a 3¢ evidence of intrinsic charm in the proton;
- good agreement with theory models and and visible in Z+c data
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https://inspirehep.net/files/9244c24e5c17fdd10aa23eb9f82d0497

* high-energy collisions
ofter results into
collimated sprays of
particles

« why?
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Emergent phenomena: jets

* high-energy collisions
ofter results into
collimated sprays of
particles

« why?

In a massless theory
emissions of collinear
partons is enhanced AT LAS Run: 262712 3
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Emergent phenomena: jets

* high-energy collisions
ofter results into
collimated sprays of
particles

« why?

* In a massless theory
emissions of collinear
partons is enhanced ATLAS Run: 262712 3
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ALICE and the dead cone

* ALICE recently exploited ideas from modern jet physics (e.g. reclustering) to perform
the first direct measurement of the dead cone

 charm jets are tagged using
DY > K~ rnt

* Jets are declustered and the splitting

kinematics is recorded

Nature 605 (2022) 440-446 (-
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New flavours
of jet flavour

in collaboration with Simone Caletti, Andrew Larkoski,
and Daniel Reichelt + Les Houches participants

https://cms.cern/news/jet-
cones-top-flavour
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Prototype of current definitions

b-jet

Displaced
Tracks

Prompt
Tracks

Jet Primary
Vertex
L <
0 .«

Jet

https://cds.cern.ch/record/2771727/plots

a few things to pay attention to
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N

the AR labelling

« take the four-momenta of reconstructed

(anti-k:) jets and B hadrons
(pT > Pteur ~ S Ge\O

- AssignaBtoajetif AR < Ry ~ 0.3
- If at least one B is assigned to jet J, then

J is a b-jet


https://cds.cern.ch/record/2771727/plots

Prototype of current definitions

b-jet

Displaced
Tracks

Jet Primary
Vertex
L <
¥ K
Prompt / J\
do .
Tracks 0.:

Jet

https://cds.cern.ch/record/2771727/plots

a few things to pay attention to

11

N

the AR labelling

« take the four-momenta of reconstructed

@nti-K» jets and B hadrons
(Pr >Prew>~ S GeV)

- AssignaBtoajetif AR < Ry ~ 0.3
- |f@t_least One B is assigned to jet J, then

J is a b-jet


https://cds.cern.ch/record/2771727/plots

Thy jet definition shall ...

K be simple to implement in an experimental
analysis;

* be simple to implement in theoretical calculations;

* be defined at any order of perturbation theory;

- yield finite cross-sections at any order of
perturbation theory;

» yield cross-sections and distributions that are

K relatively insensitive to hadronisation

- jet definitions that respect this Snowmass accord made precision studies of QCD
possible:

Theorists talk about quarks and gluons, experimentalists talk about (truth-level)
particles ... and things still make sense

 do current definitions of heavy-flavour (HF) jet follow these rules?

- if not, can we do better? Should we?
12



What can go wrong?

- Infra-Red and Collinear Safety! We need IRC safety if we want to be able to
compute things beyond LO

- an observable (or a jet definition) is IRC safe if, in the limit of a collinear
splitting, or the emission of an infinitely soft particle, the observable (jet)
remains unchanged:

O(X7p17 co oy PnyPn+1 — O) — O(Xapla .« . 7pn)
O(XBZ?la oy Pn H pn+1) — O(XBZ?la -y Pn _I_pn—l—l)

- an IRC-unsafe HF jet definition with massless partons, leads to divergent results
in perturbation theory (you just have to throw them away)

- an IRC-unsafe HF jet definition with massive quarks, leads to finite but IRC-
sensitive results in perturbation theory (large logs of m/p;)

13



Issue n.1: NLO

De

P

pq pcj

Gauld et. al (2023)

- let’s consider Z+b (or c) jet

- problematic configuration at NLO: g — bb is collinear
divergent (with zero mass)

» this singularity cancels when we add the
corresponding virtual correction, iff real and virtual are
in the same flavour bin, i.e. gluon = no net flavour

* this is crucial when looking at distributions that are
inclusive over the b-jet substructure (e.g. p7)

- important effect at high-p,

- collinear region is avoided if the splitting is resolved
(e.g. substructure measurement)
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https://arxiv.org/abs/2302.12844

Aside: the p;,. . on hadrons

Pe

Gauld et. al (2023)

Pe

* in this discussion we focus on

parton-level but hadron-level cuts
can have significant effects on
flavour

AR labelling has a cut on the p; of
the B hadron

If we implement it at parton level, a
soft quark may fail the cut, turning
the jet into a gluon one: collinear
unsafe!

* proper way to deal with this

requires fragmentation functions

15


https://arxiv.org/abs/2302.12844

Flavour recombination schemes

« NLO issues just described are easy to fix in theory-land:

simplest experimentally
“any flavour” b b b (but collinear unsafe for
mp — 0)

theoretically “ideal”
net flavour b g 2b definition; but not robust
wrt B-Bbar oscillations

flavour b theoretically OK; robust
modulo 2 8 8 wrt B-Bbar oscillations

Gavin Salam's talk at Durham workshop

- this comes with large experimental baggage (reconstruction, mistag,...)

« Can we do better? Should we?
16


https://conference.ippp.dur.ac.uk/event/1301/contributions/6818/attachments/5339/6936/Durham-flav-intro.pdf

Issue n.2: NNLO

- theoretically, things become rather intricate at NNLO

- asoftg — bb splitting can alter the flavour of the jet

- this leads to an IR divergence (sensitivity) for massless
(massive) quarks

» counting net flavour is not enough for solve this one and
we have to reconsider the jet algorithm

Gauld et. al (2023)

17


https://arxiv.org/abs/2302.12844

The old solution: flavour-k;

* introduce flavour-sensitive metric reflects the absence of soft quark singularities:

(F) 5 5 max(ky;, ki;),  softer of 4, j is flavoured,
diy " = (B + Bdy) X { min(k;, k7;) , softer of 7, j is flavourless,

Banfi Salam Zanderighi (2006)

- flavour-k: is IRC safe because it tends to recombine together the problematic soft pair;

- however, the use this algorithm in experimental analysis is far from straightforward:
* obviously, it’s not anti-k:, so resulting jets have different kinematics
- it requires knowledge of the flavour at each step of the clustering
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https://link.springer.com/article/10.1140/epjc/s2006-02552-4
https://arxiv.org/pdf/2003.08321

Four(!) new ideas

3. construct a flavour dressing for a given jet

1.

Caletti, Larkoski, SM,
Reichelt (2022)

use Soft Drop to remove soft

quarks

——
-— ~
-

——————

needs JADE as a
recluster, known
to fail at 3 loops

2. define a flavour algorithm that
resembles anti-k

—1

__do/din(b)] [pb]

=B >

T

ratio to k

S;j, if both i and j have non-zero flavour of opposite sign,

1, otherwise.

LHC 13 TeV PDF: NNPDF31
Scale: pr = pp = mp(Z)
Order: NLO+PS

liO 115
[n(b1)]

still needs
some (small)
unfolding

Czakon, Mitov,
Poncelet (2022)

Durham (ky) jets

et e~ — jets at 6(agd)
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dress [a=2]
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log(ys)

accumulates the
flavour information
In order to assign
the flavour of a jet

Gauld, Huss, Stagnitto (2022)

4. interleaved flavour neutralisation

19

about to cluster|

b b

1 2 3

based on a neutralisation distance wu;j
cluster

neutralise
—
b b
1 2 3

- - @

1 243

neutralise = remove
the (opposite) flavour
of both 1 & 2 while
maintaining kinematics

Caola, Grabarczyk,
Hutt, Salam, Scyboz,
Thaler (2023)


https://arxiv.org/pdf/2306.07314.pdf
https://arxiv.org/pdf/2208.11138.pdf
https://arxiv.org/pdf/2205.11879.pdf
https://arxiv.org/pdf/2205.11879.pdf
https://arxiv.org/pdf/2205.11879.pdf

Aside: Soft Drop (mMDT)

- efficient and robust grooming and tagging Original Jet Clustering Tree

have been developed and exploited at the

LHC

- Soft Drop aims to clean up a jet by
removing soft radiation

Groomed
Groomed Jet Clustering Tree

I
—
I
)

o
>

D
(0¢]

courtesy of J. Thaler Zg > Zcut egB

Dasgupta, Fregoso, SM, Salam (2013)

courtesy of J. Thaler

« compute momentum sharing and if it
fails the soft drop condition, remove the
branch

min(pr1, pr2)
pr1 + P12

Larkoski, SM, Soyez, Thaler (2014)
20


https://link.springer.com/article/10.1007/JHEP05(2014)146
https://inspirehep.net/literature/1240687

What about Soft Drop jets?

e grooming algorithms remove soft radiation from jets
e in particular is Soft Drop is beneficial in the context of non-global logarithms

* the problematic configurations are similar
Larkoski, Marzani, Soyez, Thaler (2014)

e so theidea is:

* cluster jets with any algorithm
you wish

e apply Soft Drop and measure
the flavour

* this is experimentally viable, it is
IRC safe?

21


https://link.springer.com/article/10.1007/JHEP05(2014)146

Soft Drop flavour at NNLO

* if the dashed oval represents the
effective grooming boundary
(clustering log configuration), Soft
Drop fails to screen the singularity

\/ Why is that?

C/A
Osp = 0(63, — 63,)0(6%, — 62,)0 (zq -

C/A clustering

* |f the dashed oval represents the
jet boundary (NGLs configuration),
Soft Drop screens the singularity

quark passes Soft Drop antiquark fails Soft Drop

dlls [M (24, 25)[* Osp
~ dIl; |M(2Eq, ch)\Q @(géq — eéq)@(egq _ eéq)@ (ZCq o 1) S (1 o m@)

8
%q> which is singular in the collinear limit

rescaling: <q = LgZcut
R? 22



Jade Soft Drop

 Can we modify Soft Drop to save the day?
e we can change the algorithm used for reclustering

e gen-ki algorithms do not cluster two soft particles together, if there is a hard
particle around at smaller angle, but Jade does

* let’s look at the problematic configuration with Jade reclustering

JADE 2 2 2 2 62 7 02, _ &
oy Osp = O(mgg —mge)O(Mmgg —mGe) O | 24 — Zeut (%) O [ zeut (%) — 2
\ | q S

B
02, _
_ 2(B+1) 2(8+1) Q 2 2
=0 (rcq%q — 2400, ) © (:qucut <R2q> 007 — qu) O (z,—1)0 (1 — x4)

S
~\
‘--

e with Jade reclustering energies and angles are coupled even after
rescaling: the singularity is successfully screened

23



Problems at N3LO and beyond

 Jade Soft Drop (# > 0) allows us to formulate a definition of flavour which
IS

e viable from an experimental view point (original jets can be anti-kt and
the flavour algorithm is applied after jet clustering)

* |RC safe through NNLO so that it can be used with state-of-the-art
calculation

* however, the algorithm is unsafe at NSLO: maybe one can think of applying
recursive/iterative Soft Drop?

P T
PP i T
,,,,,

~
______
-~ -
------------

this system has the
smallest invariant mass
and passes SD

soft quark can

alter the flavour
24



Les Houches 2023 study

It is important to investigate IRC safety, resilience against non-perturbative effects
and experimental viability of the 4 algorithms;

a detailed study of these 4 algorithms was started at Les Houches 2023;
regular biweekly meetings led to interesting studies;
many results, here just a few ones to trigger discussion

results are still preliminary!!!

25



Z+b jet @ NNLO (central rapidity)
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Z+b jet @ NNLO (central rapidity)

* perturbative convergence is good (remember that SDflavour not IRC safe
beyond NNLO)

LHC 13 TeV PDF: NNPDF31
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Z+b jet @ NLO+PS (central rapidity)

e some differences appear with the parton shower
* only IFN can handle massless quarks in the shower (H7 dipole)
* this leads to importante differences at high pr and for c-jets
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Comparison to experimental strategies

 NLO+PS with just anti-k: jets but different strategies

anti-k: with net flavour
(OK at NLO but not at NNLO)

)

—_
)

cone with any flavour
(proxy to ATLAS)

o [fpr(

| — ks ! Rivet-bTagged (CMS proxy) HADRON

LHC 13 TeV
FlavAlgAnalysis, Sherpa dipole

] =— ko' (net-flv. tag) HADRON
| == k' cone tag (ATLAS proxy) HADRON = =

Preliminary

\|

Rivet b-tagging with any flavour
(proxy to CMS)

ratio to first algorith
o —

N sl

<
>

T T
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T T T T
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pPr (bl > [GGV]

* large differences with current experimental strategies, likely due to net-flavours

VS any-flavour
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Does any of this matter?

 recent ATLAS measurements or Z+HF (b/c) jet
 important measurements for SM tests and PDFs
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- at large p non-perturbative

corrections are small and
comparison to fixed-order
makes sense

- however, unfolding to IRC

safe algorithms can be
sizeable (sometimes bigger
than the NNLO correction)

» most of the effect is likely

due to any-flavour vs net-
flavour


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-43/

It does!

 recent ATLAS measurements or Z+HF (b/c) jet
 important measurements for SM tests and PDFs
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correction-factor plots)

at large p; non-perturbative
corrections are small and
comparison to fixed-order
makes sense

however, unfolding to IRC
safe algorithms can be
sizeable (sometimes bigger
than the NNLO correction)

most of the effect is likely
due to any-flavour vs net-
flavour

« We must to better if we want

to do NNLO phenomenology


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/STDM-2018-43/

Pythia MC; light-jet

log(k;/GeV)

Heavy flavour jet L e
substructure

log(k;/GeV)

in collaboration with Simone Caletti, Prasanna Dhani,
Oleh Fedkevych, Andrea Ghira, Gregory Soyez
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Jet substructure to expose the dead-cone

e jet substructure techniques are being exploited to measure the dead-cone effect
at the LHC

e for instance Soft Drop is a very-well understood grooming techniques (high-

precision calculation, many measurements) ,
ALICE collaboration (2022)

9 = F1’ /R
U) 0_|_I T IO 1| T ||02| T ||03| T IIO4; T ||05| T ||06| T ||07| T ||08| T Ilogl T |_I_1 l@)) 9_ IIIIIIIIIIIIIIII I T T 7T I T T 7T I T 17T I L B B
c C ALICE, pp, /s =13 TeV 1! = LICE PP, (=13 Tev -
Ke] - J . 8 0. —
cl Gzogme-? > 5[ chargedjets, anti-k;, R =0.4 0/Dtagged 3 : - charged jets, anti-ky, 7 =04 :D Itagged E
ustering lree - - i i . 7= inclusive —
& St 15sp':‘°“<30 GeV/c, In | <05 Winclusive 3 ~ F 15sp " <30 GeV/c,In_1<05 =
------------------------------------ B 4 5<pY<30Gevic ly 1208 4 - B 5<pP <30 Gevre, ly = 0.8 E
= Z, = - Soft Drop( 4 =0.1, ﬁ 0) 4 ° 5 Soft Drop( a=0.1, /3’ 0) SD-untagged jets =
— . Ie —  3C + F—— 4 D°-tagged: 22% =
H r [ — ] =
| : :I—Zg & C % 7 3 inclusive: 2.8% 3
— 2 — —
h C ¢ SD-untagged jets ] 5 =
S S R — D’-tagged: 22% = =
- inclusive: 2.8% . 1 E
7. > 70 0.8 © :::::}::::'::::'::::'::::'::::'::::}:::::; =
g~ four Mg ® . [ D tagged POWHEG + PYTHIA 6 3% 25
Ke) 1.5 pen D- tagged PYTHIA 8 ) 2
&) = 4) 15
= 1
£ 5 1.15
© b1
8 1.051
= 0.95
09 . 1 v v v v v b e e e
0.1 015 0.2 025 0.3 035 04 045 0.5
V4
9

 How well do understand and model HF jet substructure?
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https://arxiv.org/abs/2208.04857

All-orders calculations with HF

* heavy-flavour jets are characterised by a variety of scales
* hard scale of the process Q (c.0.m energy, jet pr, ...)
« heavy flavour mass m (much larger than AQCD )

e scale vQ set by the HF property we want to measure (e.g. a substructure variable)

* (multiple) resummations become relevant and it is important to understand the
hierarchy between the different scales

e we focus our attention on the (normalised) cumulative distribution

Differential distribution
light jet

@
dv

1 (Y.  do
Z —_— — d — 1.5}
0= [ y

g0

0.2 0.4 0.6 0.8 1.0
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Lund plane - a short review

Lund planes are a powerful way to
visualise the kinematics of soft/collinear
emissions

IRC observables can in soft and

collinear
a
2 _ kfz —bn
V(kt ’ 7]) — d ? €

coloured area represents the Sudakov
form factor (i.e. the resummed
exponent R)

to NLL simple one-loop exponentiation
receives corrections from multiple-
emission and non-global logarithms

S0 =8 F e F
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Lund plane - a short review

Lund planes are a powerful way to
visualise the kinematics of soft/collinear
emissions

IRC observables can in soft and
collinear

V(k?,n) = d ? e =P

coloured area represents the Sudakov
form factor (i.e. the resummed
exponent R)

to NLL simple one-loop exponentiation
receives corrections from multiple-
emission and non-global logarithms




Lund plane with masses

2
?logk—t2 nz—%logf
* the presence of masses introduce new 1 : 77,
vertical (purple) boundary, the so-called ' —
dead-cone effect ~log =

* the collinear limit should be replace by
the quasi-collinear one (angles and
mass are small but of the same order)

dead-cone effect

running coupling with variable flavour R rizlggl?/zrcgﬁglrigﬁg r?:;ft
number: the horizontal (red) line marks Q& '/i logarithmically enhanced
the n, = 4, 5 boundary o’
¢"
the NLL (both v and &) radiator reads [
Q? dk? 1 A CMW

S ka
Ro)= [ S [ depo, " P e — o
z2m?2 vt

\
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Jet angularities (on light jets)

* jet angularities allow us to probe the internal QCD dynamics of jets

Pi ( AR, ’

icjet Pr

CMS collaboration (2021)
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https://link.springer.com/article/10.1007/JHEP01(2022)188
https://arxiv.org/pdf/2112.09545.pdf

Detailed pheno studies

- measurements of distributions Z+jet and dijets in different transverse momentum and
rapidity bins allows us to probe samples with rather different quark/gluon components

configuration type of jet Pret [GeV] | g-enriched g-enriched
(1) ungroomed R = 0.4 [120,150] | dijet central Z+jet
(2) ungroomed R = 0.4 [1000,4000] | dijet central | dijet forward
(3) ungroomed R = 0.8 [120,150] | dijet central Z+jet
(4) ungroomed R = 0.4 (tracks only) [120,150] | dijet central Z+jet
(5) SoftDrop (8 =0, zeut = 0.1) R =0.4 | [120,150] | dijet central Z+jet
NLO + NLL' + NP / CMS data
0.14+ — (I /\ll';>l ol (Jll) [.120."1?.0]'(}.0\; Ai@.l I
0 35::' '__:__' 0.20 —=— 1 012- B (AD EE; EQ(J;] lli(\)]GZ{\J‘—\I\S ]
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NEF=r o 2 :
. —e— CMS data 0.20F i 0.12F - (3) ]
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- Can we study HF jets at the same level of precision?
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mean values confirm standard
picture: g’s radiate more than
q’s

our calculation tends to
underestimate the mean values

however, it does so
democratically for g’s and g’s:
no appreciable bias

beware! NLO corrections can
significantly alter q/g fractions



Jet angularities (on HF jets)

e what is a sensible definition of jet angularities for HF jets?

e standard definition vs dot-products: the devil’s in the detalils!

‘o Dti 2]%'77/0)3 o pti<2pi'n)g

a p— ) )\ — )
<ARl-> ° ZL: Dt ( ptiR(% ZL: Dt me%

Ro + Oazzpti<2pi'n0>2 j\azzpti(sz"n>2

° pe \ pei R3S 7 ’

D2
iEn t i Pt ptzRo

Ja — Zpti

- Dr

n (ny) is (massless) 4-vector built with the WTA axis

 all definitions coincide in the collinear limit with massless partons (and axis)
 all definitions share the same NLL behaviour even with massive objects

e dot-product definitions can simplify calculations
Lee, Shrivastava, Vaidya (2019)
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https://inspirehep.net/literature/1717194

A first look at b-jets with MCs

angularities, ungroomed

angularities, groomed

10— y A—— 1.0 ——— -
I M LHC, v5 =13.6 TeV A |34£k,. LHC, Vs =13.6 TeV
:PtRo . - 1:A:Roj : N
z | anti-k(Rp =0.4) g T anti-k,(Rp =0.4)
08} "0 " p:>750 GeV, |y|<2.5 | 08F - Ao ¥ :: pe>750 GeV, |y| <2.5 _

b
. 4 b Pythia8, hadron level —_ AC 8

. I

——— AX |

0.6 044
. 1

Pythia8, hadron level
a=1, mMDT(zew = 0.1)

* dotted-distributions exhibit peaks and kinematical i
end-points (behaviour magnified for groomed jets) So =S Pu

* their origin can be understood by looking at the =g
quasi-collinear limits

e for groomed jets also circled-observables have

40 i#n 1




Mass effects: kinematics vs dynamics

e dot-products induce kinematic mass dependence in the observables

* this effect is large and completely overshadows dynamical mass effects in the
matrix elements

e dot-product observables exhibit strong sensitivity to the quark (hadron) mass:
good for tagging (and perhaps mass measurements?)

* but they should be avoided if we want to study the dead conel!
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 Before computing resummed distributions: how big we expect non-perturbative
corrections to be?

m, Mg mp, Mg
i1 .. WSSO | . | S —
Y "LHC, VS =13.6 TeV T aa i B 'LHC, VS =13.6 TeV oy :
A Wil A nikre=0a | ®  groomed distributions seem
osl pe>750GeV, lyl<25 | gl pe>750 GeV, |y| <2.5 -
H Pythia8, hadron level Pythia8, hadron level rObUSt prOVIded we
=1 $ =1, MMDT(zcu = 0.1
I ’ ke sl reconstruct the decay of the
—— hadron, stable B —— hadron, stable B aaron!

— hadron B-decays | 0.4} —— hadron B-decays |

| * on-going studies for
\ experimental feasibility (e.g.
0.0 B e CMS talk at BOOST 2024)

1072 101 100

0.2



https://agenda.infn.it/event/37093/contributions/234284/attachments/124152/182470/Kalipoliti_boost2024.pdf

Resummation vs MC for A¢

2(v): ratio massive/massless

k AR
log — — = \/E -
PRy RO : ptRO s
: ] R,
Ogﬁ
a=1
kf n=>5
= /- - a=1
PRy \/_ np=4 . A‘
z=1
k AR
log — — = \/E I
PRy RO : ptRO .
: | R,
Ogﬁ
a =
k, 0, =
= f L e N azl ju— O
PRy \/_ np =4 . 'B
I I N
PRy B
Zcul\/z
z=1

42

2p(V)/Zq(V)
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Towards HF jet phenomenology

. . . log x k my,
 NLL resummation formalism for b/c jets =g o=
worked out: g Sroomed 7 Ten

e angularities

* energy correlation functions

b jet AKT4, z.=0.1, B=0, p; =50 GeV

» Soft Drop variables 0, z, | — e
% ]
* work in progress on the Lund plane .
density ool -
° What!S |ef.t .to do? = %0 0.2 0.4 . 0.6 0.8 o =°%10 o015 oz o o.z'zo 035 040 045 050

e implementation in the SHERPA resummation plugin order to do deal with actual
process and fiducial cuts

 NLO matching

* hadronisation corrections (transfer matrix approach)
43



Conclusions and Outlook

Q1: How can we define flavoured jets in a sensible way?
- New flavoured jet algorithms have been devised,;
- they are IRC safe either at NNLO or to all orders;

* their behaviour in realistic experimental settings is currently under scrutiny
(Les Houches study and internal work by the experiments);

Q2: How well do we understand QCD final states with heavy-flavours?

 We have performed a thorough study of kinematic and dynamic mass
effects on jet substructure observables;

 we have developed a formalism to perform resummation for HF jets (NLL for
both mass and observable logs);

* we have started its implementation in the SHERPA resummation plugin to
perform actual phenomenology.
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